Functions of the CckA histidine kinase in Caulobacter cell cycle control.
The CtrA master transcriptional regulator is a central control element in Caulobacter cell cycle progression and polar morphogenesis. Because of its critical role, CtrA activity is temporally regulated by multiple mechanisms including phosphorylation and ClpXP-dependent degradation of CtrA. The CckA histidine kinase is known to contribute to CtrA phosphorylation. We show here that genes differentially expressed in a ctrA temperature-sensitive (ts) mutant are similarly affected in a cckA ts mutant, that the phosphorylation of CckA coincides temporally with CtrA phosphorylation during the cell cycle, and that CckA is essential for viability because it is required for CtrA phosphorylation. Thus, it is the signal transduction pathway mediated by CckA that culminates in CtrA activation, which is temporally regulated and essential for cell cycle progression. CckA also positively regulates CtrA activity by a mechanism that is independent of CtrA phosphorylation. CtrA is more stable in the presence of CckA than it is absence, suggesting that CckA may also be involved, directly or indirectly, in the regulation of CtrA proteolysis.